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UHVXOWV
$IWHUZDUG WKH RSSRVLWH VLGH RI WKH PLFURVWUXFWXUH PHWDO ZDV LUUDGLDWHG E\ D &: ILEUH ODVHU V\VWHP 7KUHH
GLIIHUHQW MRLQLQJ FRQILJXUDWLRQV ZHUH FRQVLGHUHG ODSMRLQW )LJ D 7MRLQW )LJ E DQG $UFDQMRLQW )LJ F
FRQILJXUDWLRQV'XULQJWKHMRLQLQJRSHUDWLRQWKHODVHUEHDPKHDWVWKHPHWDOVXUIDFHDQGWKHQWKHKHDWLVWUDQVIHUUHG
E\ FRQGXFWLRQ WR WKH VXUURXQGLQJ DUHD JHQHUDWLQJ WKH PHOWLQJ RI WKH SRO\PHU DQG SURGXFLQJ WKH MRLQW DIWHU
VROLGLILFDWLRQ%RWKPDWHULDOVZHUH FODPSHG LQ WKH WKUHH FRQILJXUDWLRQV E\ DSSO\LQJ D XQLIRUP SUHVVXUH 3 EDU
ZLWK D SQHXPDWLF FODPSLQJ GHYLFH LQ RUGHU WR HQKDQFH WKH IORZ RI WKH PROWHQ SODVWLF PDWHULDO LQWR WKH
PLFURVWUXFWXUHVRI WKHVWHHO7KHMRLQLQJSDUDPHWHUVZHUHODVHUSRZHU3 :DQGMRLQLQJVSHHGY PPVLQ WKH
FDVHRIODSDQG$UFDQMRLQWFRQILJXUDWLRQDQG3 :DQGY PPVIRUWKH7MRLQWV7KHFRQVLGHUHGMRLQLQJDUHDV
ZHUHDQGPPIRUODS7DQG$UFDQMRLQWFRQILJXUDWLRQVUHVSHFWLYHO\
 







)LJ6FKHPHRIDODSE7F$UFDQMRLQWFRQILJXUDWLRQV
7KHPHFKDQLFDOSURSHUWLHVRIWKHWKUHHGLIIHUHQWMRLQWFRQILJXUDWLRQVZHUHDQDO\]HGE\WHQVLOHVKHDUSXOORXWDQG
$UFDQWHVWVIRUODS7DQG$UFDQMRLQWFRQILJXUDWLRQVUHVSHFWLYHO\,QWKHWZRILUVWFDVHVWKHMRLQWVZHUHDQDO\]HGE\
DQ ,QVWURQ  6WDWLF 8QLYHUVDOPDFKLQHZLWK DPD[LPXP FDSDFLW\ RI N1 DQG D FURVVKHDG GLVSODFHPHQW RI
PPPLP)LJDE7KH7MRLQWVDPSOHVZHUHPRXQWHGLQWKH,QVWURQJULSVXVLQJDWDLORUHGFODPSLQJGHYLFH)RU
HDFK H[SHULPHQWDO FRQGLWLRQ ILYH VSHFLPHQVZHUH WHVWHG WR HQVXUH WKH UHSURGXFLELOLW\ RI WKH UHVXOWV  /DVWO\ WKH
SRO\PHUPHWDO DVVHPEO\ZDV WHVWHGE\$UFDQ0LQHV WHVW $UFDQ HW DO  -RDQQHV HW DO 7KHK\EULG
DVVHPEO\ZDVIL[HGWRWKHJOREDOV\VWHPE\WZRDOXPLQLXPDQYLOV)LJF7KHWHVWHGDVVHPEO\ZDVORFDWHGLQWKH
PLGGOHRIDJOREDOV\VWHPGHVFULEHGLQ)LJF7KHDSSOLHGORDGZDVRULHQWDWHGDWGLIIHUHQWDQJOHVșZLWKUHVSHFW
WRWKHMRLQLQJSODQHIURPSXUHVKHDUș WRSXUHWHQVLRQș LQFOXGLQJWHQVLRQDQGVKHDUPL[HGPRGHORDGLQJ
DQG
















)LJ6FKHPHRIPHFKDQLFDOWHVWIRUDODSE7F$UFDQMRLQWFRQILJXUDWLRQV
 E. Rodríguez-Vidal et al. /  Physics Procedia  83 ( 2016 )  1110 – 1117 1113
$IWHU PHFKDQLFDO WHVWV D PRUSKRORJLFDO FKDUDFWHUL]DWLRQ RI WKH GHWDFKHG VXUIDFHV MRLQLQJ LQWHUIDFHV RI ERWK
PHWDOOLFDQGSRO\PHUSDUWVZHUHFDUULHGRXWE\6FDQQLQJ(OHFWURQ0LFURVFRS\6(0.DUO=HLVV;%LQRUGHU
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G LQFUHDVHVZKHQ LQFUHDVLQJ WKH QXPEHU RI LWHUDWLRQV DFKLHYLQJ YDOXHV XS WR ȝP 1HYHUWKHOHVV WKH JURRYH
ZLGWKZUHPDLQVFRQVWDQWIRU1WUDFNV DQGEXWGHFUHDVHVVLJQLILFDQWO\IRU1WUDFNV 7KHHMHFWHGPDWHULDOIURPWKH
FDYLW\ FRQWULEXWHV WR LQFUHDVH WKH KHLJKW RI WKH UHFDVWPDWHULDO IRU1WUDFNV  DQG 1HYHUWKHOHVV IRU1WUDFNV! WKH
DGGLWLRQDOHMHFWHGPDWHULDOSURGXFHGLVSODFHGRQWKHJURRYHQHFNUHGXFLQJWKHJURRYHZLGWKDQGWKXVVLJQLILFDQWO\
LQFUHDVLQJLWV$5

)LJ&URVVVHFWLRQVRIPLFURVWUXFWXUHRQ+&E\QDQRVHFRQGSXOVHVIRUD1WUDFNV E1WUDFNV DQGF1WUDFNV 



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7DEOH*URRYHJHRPHWU\SDUDPHWHUV
1WUDFNV > @w mP  > @d mP   > @rh mP  AR  )DLOXUH)RUFH > @TF N 
      
      
      3RO\PHU)DLOXUH

7RVHOHFWDSURSHUVHWRIPLFURVWUXFWXUHSDUDPHWHUVIRUDVVHVVLQJWKHLUHIIHFWRQGLIIHUHQWMRLQLQJFRQILJXUDWLRQV
WKHMRLQLQJSURFHVVDQGWKHVXEVHTXHQWWHQVLOHVKHDUWHVWVZHUHFDUULHGRXWIRUWKHWKUHHGLIIHUHQWJURRYHJHRPHWULHV
NHHSLQJFRQVWDQWWKHGLVWDQFHEHWZHHQFHQWHUVGFF ȝP7KHPHFKDQLFDOUHVXOWV7DEOHVKRZDQLQFUHDVH
RIWKHMRLQW
VPHFKDQLFDOSHUIRUPDQFHZKHQWKH$5LQFUHDVHVIURPWR)RU$5 WKHIDLOXUHKDSSHQHGDWWKH
SRO\PHU DQG WKXV LW GRHV QRW SURYLGH LQIRUPDWLRQ DERXW WKH MRLQW
 V PHFKDQLFDO SHUIRUPDQFH 6LQFH WKH PDLQ
REMHFWLYH RI WKLV UHVHDUFK ZDV IRFXVHG RQ DVVHVVLQJ WKH MRLQW
V PHFKDQLFDO SHUIRUPDQFH XQGHU GLIIHUHQW
FRQILJXUDWLRQVWKHPLFURVWUXFWXULQJSDWWHUQFRUUHVSRQGLQJWR1WUDFNV DQGGFF ȝPZDVFKRVHQIRUWKHVWXG\
3UHYLRXV VWXGLHV $PHQG HW DO  $PHQG HW DO  +HFNHUW HW DO  (5RGUtJXH]9LGDO HW DO
 7DNL HW DO  H[DPLQHG WKH LPSDFW RI GLIIHUHQW PLFURVWUXFWXUH SDUDPHWHUV RQ WKH PHFKDQLFDO
SHUIRUPDQFHRIK\EULGMRLQWV7KH\LGHQWLILHGWKHVWUXFWXUHGHQVLW\GLUHFWO\UHODWHGWRWKHGLVWDQFHEHWZHHQSDWWHUQ
FHQWHUV DV RQH RI WKH NH\ SDUDPHWHUV%DVHGRQ LW WKH SUHVHQWHG VWXG\ FRQVLGHUV WZRGLIIHUHQW GLVWDQFH EHWZHHQ
JURRYHFHQWHUVIRUWKHWKUHHMRLQLQJFRQILJXUDWLRQVGFF ȝP
5HVXOWVDQGGLVFXVVLRQ
4.1. Mechanical performance 

$IWHUPHWDOSUHWUHDWPHQWWKHVSHFLPHQVZHUHMRLQHGDQGPHFKDQLFDOO\WHVWHG)RUHDFKMRLQLQJFRQILJXUDWLRQWKH
PD[LPXPVWUHQJWKZDVDVVHVVHG LQRUGHU WRFRPSDUH WKHPHFKDQLFDO UHVXOWV7KHVHZHUHHYDOXDWHGDV WKHUDWLRRI
IDLOXUHIRUFHWRWKHFRUUHVSRQGLQJMRLQLQJDUHD
)LJDGLVFORVHVWKHVWUHQJWKVWUDLQFXUYHVRIWHQVLOHVKHDUWHVWV)LJDFRUUHVSRQGLQJWRWZRGLIIHUHQWYDOXHV
RI GLVWDQFH EHWZHHQ JURRYH FHQWHUV GFF  DQG ȝP 7KH DYHUDJH PD[LPXP VWUHQJWK YDOXHV ZHUH
   T MPaV  r  DQG    T MPaV  r IRUGFF  DQGȝP UHVSHFWLYHO\7KH UHVXOWV HYLGHQFH D
GHFUHDVHRIDERXWRIWHQVLOHVKHDUVWUHQJWKZKHQWKHGLVWDQFHEHWZHHQJURRYHFHQWHUVLVWULSOHG7KHVWDQGDUG
GHYLDWLRQVDVVRFLDWHGWRWKHH[SHULPHQWDOPHDVXUHPHQWDUHORZHUWKDQ,QWKHFDVHRISXOORXWWHVWV)LJEWKH
IDLOXUH VWUHQJWK YDOXHV ZHUH    P MPaV  r DQG    P MPaV  r IRU GFF  DQG ȝP
UHVSHFWLYHO\,QWKLVFDVHWKHPD[LPXPVWUHQJWKZDVUHGXFHGE\DERXW)LUVWO\WKHUHVXOWVUHYHDOWKHVDPHWUHQG
IRUERWKMRLQFRQILJXUDWLRQV+RZHYHUDPRUHVLJQLILFDQWLQIOXHQFHRIGLVWDQFHEHWZHHQSDWWHUQFHQWHUVLVVKRZQLQ
WKH FDVH RI SXOORXW FRQILJXUDWLRQ )RU ERWK GFF YDOXHV WKH MRLQW VWUHQJWK IRXQG LQ WKH FDVH RI WHQVLOHVKHDU
SHUIRUPDQFHZDVVLJQLILFDQWO\KLJKHUFRPSDUHGWRSXOORXWSHUIRUPDQFH)RUWHQVLOHVKHDUVWUHQJWKVWUDLQFXUYHVLWLV
SRVVLEOHWRQRWLFHWZRGLIIHUHQWEHKDYLRUVLQWKHFDVHRIGFF ZKLFKFRXOGEHGLUHFWO\UHODWHGWRWKHUDQGRPQHVV
RIJODVVILEUHRULHQWDWLRQZLWKLQWKH3$PDWUL[,QWKHFDVHRIJODVVILEUHRULHQWDWLRQSDUDOOHOWRWKHDSSOLHGORDGWKH
SRO\DPLGHPHFKDQLFDOSURSHUWLHV LPSURYHDQG WKH VWUDLQYDOXH IRUDFHUWDLQ VWUHQJWK LVKLJKHU WKDQ IRUJODVV ILEUH
RULHQWDWHG SHUSHQGLFXODUO\ WR WKH DSSOLHG ORDG 7KLV HIIHFW LV QRW HYLGHQFHG LQ WKH FDVH RI SXOORXW VWUDLQ FXUYHV
PDLQO\GXHWRWKHIDFWWKDWWKHPD[LPXPIDLOXUHIRUFHDFKLHYHGZDVRIDURXQGN1ZKLFKLVVLJQLILFDQWO\ORZHU
WKDQWKHORDGVDFFRPSOLVKHGGXULQJWHQVLOHVKHDUWHVWV§N1DQGWKHGLIIHUHQFHVFRQFHUQLQJWKHMRLQLQJDUHDV








 E. Rodríguez-Vidal et al. /  Physics Procedia  83 ( 2016 )  1110 – 1117 1115










)LJ0HFKDQLFDOUHVXOWVRIDWHQVLOHVKHDUWHVWVESXOORXWWHVWVIRUWKHWZRVWUXFWXUHGHQVLW\YDOXHV
)LJDGHSLFWVDVDUHSUHVHQWDWLYHH[DPSOHWKHVWUHVVVWUDLQFXUYHVFRUUHVSRQGLQJWR$UFDQWHVWVIRUDGLVWDQFH
EHWZHHQJURRYHFHQWHUVRIGFF ȝP7KHUHVXOWVGLVFORVHDPHDQLQJIXOLQIOXHQFHRIWKHDSSOLHGORDGZLWKUHVSHFW
WRWKHMRLQLQJSODQH7KHIDLOXUHVWUHQJWKLVDFKLHYHGLQWKHFDVHRISXUHVKHDUWHVW)LJF,WLVZRUWKWRQRWHWKDW
WKH UHVXOWREWDLQHG IRUSXUH VKHDU WHVWV 
   MPaTV    IDOOV LQ WKHYDOXH UDQJH IRXQGIRU WHQVLOHVKHDU WHVWV
FRQVLGHULQJWKHVDPHGFFYDOXH7KHODWWHUPHDQVWKDWWKHWHQVLOHVKHDUWHVWV)LJDLQZKLFKWKHORDGLVQRWDSSOLHG
H[DFWO\ RQ WKH MRLQLQJ SODQH FRXOG EH UHFRJQL]HG DV D JRRG DSSURDFK RI SXUH VKHDU WHVWV IRU WKH FRQVLGHUHG
GLIIHUHQFHRIWKLFNQHVVEHWZHHQPHWDOPPDQGSRO\PHUPP,QWKHFDVHRISXUHWHQVLOHWHVWVș WKH
UHVXOWV REWDLQHG IURP$UFDQ WHVWV 
   MPaTV    DUH VPDOOHU WKDQ WKH FRUUHVSRQGLQJ WR WKHSXOORXW WHVWV 
   P MPaV  r  ,W FRXOGEHGXH WR WKHGLIIHUHQFHRQ MRLQLQJ DUHDVEHWZHHQERWK MRLQW FRQILJXUDWLRQV DORQJ
ZLWK WKHGLIIHUHQFHRQDVSHFW UDWLREHWZHHQ WKH MRLQLQJZLGWKDQG WKHVDPSOHKHLJKW PPIRU7DQGPPIRU
$UFDQ FRQILJXUDWLRQ 7KH IDLOXUH VWUHQJWK UHYHDOV DQ H[SRQHQWLDO GHFD\ ZKHQ LQFUHDVLQJ WKH DQJOH EHWZHHQ WKH
DSSOLHGORDGDQGWKHMRLQLQJSODQH)LJD7KHMRLQW
VPHFKDQLFDOSHUIRUPDQFHFDQZRUVHQWRGHSHQGLQJRQ
WKHRULHQWDWLRQRIWKHDSSOLHGORDG












)LJD6WUHVV6WUDLQFXUYHVIURP$UFDQWHVWVIRUGFF ȝPE0D[LPXP6WUHQJWKYDOXHDVIXQFWLRQRIWKHDSSOLHGORDGDQJOHIRUGF
F ȝP
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4.2. Fracture areas 

)LJGLVFORVHVDWRSYLHZRIWKHPRUSKRORJLFDOLQVSHFWLRQRIWKHGHWDFKHGVXUIDFHVMRLQLQJLQWHUIDFHVRIERWK
PHWDOOLFDQGSRO\PHUSDUWVDIWHUWHQVLOHVKHDU)LJDDQGSXOORXWWHVWV)LJEIRUWKHFRQVLGHUHGPLFURVWUXFWXUH
FRQGLWLRQVQXPEHURILWHUDWLRQVRI1WUDFNV )LJEDQGDGLVWDQFHRIJURRYHFHQWHUVRIGFF ȝP7KHPHWDOSDUW
FRUUHVSRQGLQJWRWHQVLOHVKHDUWHVWV)LJDHYLGHQFHVWKHSUHVHQFHRISRO\DPLGHKRRNHGLQWRWKHJURRYHVWV$V
FRQVHTXHQFHWKHSRO\DPLGHVXUIDFHGRHVQRH[KLELWDUHJXODUSDWWHUQVLQFHWKHULGJHVWVZHUHSDUWLDOO\UHPRYHG
GXULQJWKHPHFKDQLFDOWHVWV+RZHYHUWKHPHWDOVXUIDFHDIWHUSXOORXWWHVWV)LJEUHYHDOVWKDWWKHUHDUHQRWUDFHV
RISRO\DPLGHPDWHULDOKRRNHGLQWRWKHJURRYHVS7KHSRO\DPLGHVXUIDFHVKRZVDUHJXODULPSULQWHGSDWWHUQWKDW
FRUUHVSRQGVWRWKHQHJDWLYHRIWKHPLFURVWUXFWXUHSURGXFHGRQWKHPHWDOSDUW(5RGUtJXH]9LGDOHWDO,Q
WKLVFDVHDFOHDUULGJHSFDQEHDVVRFLDWHGWR WKHUHSOLFDWLRQRI WKHJURRYHSURGXFHGRQWKHPHWDO7KXVIRU WKH
VDPHPLFURVWUXFWXUHDQG MRLQLQJFRQGLWLRQVGLIIHUHQW IDLOXUHPRGHVZHUH IRXQGGHSHQGLQJRQ WKHFRQVLGHUHG MRLQW
FRQILJXUDWLRQ













)LJ7RSYLHZ6(0LPDJHVRIPHWDODQGSRO\DPLGHVXUIDFHVDIWHUDWHQVLOHVKHDUESXOORXWWHVWV
6XPPDU\DQGFRQFOXVLRQV
6WHHOVXUIDFHVZHUHPLFURVWUXFWXUHGE\SXOVHGODVHUUDGLDWLRQSULRUWRWKHMRLQLQJSURFHVVZLWKDILEUHUHLQIRUFHG
WKHUPRSODVWLF7KHMRLQLQJSURFHVVZDVFDUULHGRXWE\&:ODVHUUDGLDWLRQ7KHHIIHFWRIGLIIHUHQWSDWWHUQJHRPHWULHV
RQWKHMRLQW
V WHQVLOHVKHDUSHUIRUPDQFHZDVDVVHVVHGWRVHOHFW WKHPRUHVXLWDEOHPLFURVWUXFWXUHSDUDPHWHUVIRU WKH
VWXG\
7KUHH GLIIHUHQW MRLQW FRQILJXUDWLRQV ZHUH DQDO\]HG ODS 7 DQG $UFDQ MRLQW FRQILJXUDWLRQV 7KHLU PHFKDQLFDO
SHUIRUPDQFH ZDV HYDOXDWHG E\ WHQVLOHVKHDU SXOORXW DQG $UFDQ WHVWV )RU WKH GLIIHUHQW MRLQW FRQILJXUDWLRQV WZR
GLIIHUHQWGLVWDQFHEHWZHHQSDWWHUQVZHUHFRQVLGHUHG GFF DQGȝP 7KH WHQVLOHVKHDUDQGSXOORXW UHVXOWV
UHYHDOHGWKHVDPHWUHQGIRURIPHFKDQLFDOSHUIRUPDQFHDVIXQFWLRQRIGFF)RUWKHVDPHPLFURVWUXFWXUHFRQGLWLRQV
WKH MRLQWV SUHVHQWHG ZRUVH PHFKDQLFDO SURSHUWLHV LQ WKH FDVH RI 7MRLQW FRQILJXUDWLRQ FRPSDUHG WR ODSMRLQW
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FRQILJXUDWLRQ7KHDFKLHYHGUHVXOWVGXULQJ$UFDQ WHVWVGLVFORVHGDPHDQLQJIXO LQIOXHQFHRI WKHDQJOHEHWZHHQ WKH
MRLQLQJSODQHDQGWKHRULHQWDWLRQRIWKHDSSOLHGORDG0D[LPXPVWUHQJWKYDOXHV§03DZHUHDWWDLQHGIRUSXUH
VKHDU WHVWV ș  7KH VWUHQJWK VKRZHG DQ H[SRQHQWLDO GHFD\ ZKHQ LQFUHDVLQJ WKH PHQWLRQHG DQJOH UHDFKLQJ
PLQLPXPVWUHQJWKYDOXHVRIDERXW03D7KHUHVXOWVHYLGHQFHGWKHWHQVLOHVKHDUWHVWVDVDVXLWDEOHDSSURDFKRISXUH
WHQVLOHWHVWVIRUWKHFRQVLGHUHGPDWHULDOWKLFNQHVVHV
7KHPRUSKRORJLFDO IHDWXUHVRI WKHGHWDFKHGVXUIDFHV SRO\PHUDQGPHWDODIWHU WHQVLOHVKHDUDQGSXOORXW WHVWV
VKRZHGDGLUHFWFRUUHODWLRQEHWZHHQWKHIDLOXUHPRGHDQGWKHREWDLQHGPD[LPXPVWUHQJWK
)LQDOO\ZHFDQFRQFOXGHWKDWWKLVNLQGRIK\EULGSODVWLFPHWDOMRLQLQJREWDLQHGE\ODVHUWHFKQRORJ\ZRUNVEHWWHU
XQGHUVKHDUORDGVWKDQSXOORXWORDGVJHWWLQJDVWURQJHULQWHUORFNLQJEHWZHHQERWKPDWHULDOV
$FNQRZOHGJHPHQWV
7KH UHVHDUFK OHDGLQJ WR WKHVH UHVXOWV KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ¶V 6HYHQWK )UDPHZRUN
3URJUDPPH)3XQGHUJUDQWDJUHHPHQW
5HIHUHQFHV
5RHVQHU$2ORZLQVN\$*LOOQHU$/RQJWHUPVWDELOLW\RIODVHUMRLQHGSODVWLFPHWDOSDUWV3K\V3URFHGLD
5DXVFKHQEHUJHU-&HQLJDRQDLQGLD$.HVHEHUJ-9RJOHU'*XEOHU8/LpEDQD)/DVHUK\EULGMRLQLQJRISODVWLFDQGPHWDO
FRPSRQHQWVIRUOLJKWZHLJKWFRPSRQHQWV3URFRI63,(+LJK3RZHU/DVHU0DWHULDOV3URFHVVLQJ/DVHU%HDP'HOLYHU\'LDJQRVWLFV
DQG$SSOLFDWLRQV,9
-XQJ.:.DZDKLWR<7DNDKDVKL0.DWD\DPD6/DVHUGLUHFWMRLQLQJRIFDUERQILEHUUHLQIRUFHGSODVWLFWRDOXPLQXPDOOR\-RXUQDO
RI/DVHU$SSOLFDWLRQV
$PHQG30RKU&5RWK6([SHULPHQWDO,QYHVWLJDWLRQVRI7KHUPDO-RLQLQJRI3RO\DPLGH$OXPLQXP+\EULGXVLQJD&RPELQDWLRQRI
0RQRDQG3RO\FKURPDWLF5DGLDWLRQ3K\VLFV3URFHGLDWK,QWHUQDWLRQDO&RQIHUHQFHRQ/DVHU$VVLVWHG1HW6KDSH(QJLQHHULQJ
/$1(
&HQLJDRQDLQGLD$/LHEDQD)/DPLNL]$(FKHJR\HQ=1RYHOVWUDWHJLHVIRUODVHUMRLQLQJRISRO\DPLGHDQG$,6,3K\V3URFHGLD
WK,QWHUQDWLRQDO&RQIHUHQFH	([KLELWLRQRQ3KRWRQLF7HFKQRORJLHV/$1(
.QDSS:'MRPDQL'&RXORQ-)*UXQFKHF5,QIOXHQFHRIVWUXFWXULQJE\ODVHUDQGSODVPDWRUFKRQWKHDGKHVLRQRIPHWDOOLFILOPVRQ
WKHUPRSODVWLFVXEVWUDWHV3K\V3URFHGLDWK,QWHUQDWLRQDO&RQIHUHQFHRQ/DVHU$VVLVWHG1HW6KDSH(QJLQHHULQJ/$1(
:DKED0.DZDKLWR<.DWD\DPD6/DVHUGLUHFWMRLQLQJRI$=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